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Superprotein is a rapidly axonally transported protein that 
is conspicuously labeled with 35 S-methionine supplied to the 
cell bodies of retinal ganglion cells. Superprotein candidates 
are apparent among the rapidly transported proteins of many 
neurons from the CNS and PNS, including cranial, sympa- 
thetic, sensory, and motor neurons from mammals, fish, and 
amphibians. To determine the identity of Superprotein, we 
purified it from rabbit visual system and spinal cord and 
determined the amino acid sequence of seven of its tryptic 
peptides. The sequence shows that Superprotein is SNAP- 
25, a protein recently predicted from a cDNA sequence; SNAP- 
25 has been reported to be concentrated in the synaptic 
terminals of a selected population of CNS neurons. We mea- 
sured the amount of radioactivity associated with Superpro- 
tein in tissue containing axons (optic tract) and synaptic 
terminals (superior collicules) of rabbit retinal ganglion cells. 
Labeled Superprotein disappeared from the superior collicu- 
lus more rapidly than another protein (synpasin I— like pro- 
tein) that is concentrated in synaptic terminals. These results 
serve to unite the observations on the synthesis, distribution, 
metabolism, and axonal transport of Superprotein with ob- 
servations of the primary structure and steady state distri- 
bution of SNAP-25 and its mRNA. 

Proteins that are destined for axons or synaptic terminals can 
be labeled with radioactive amino acids supplied to the cell 
bodies where they are synthesized (reviewed in Willard, 1983). 
Electrophoretic analyses of such labeled, axonally transported 
proteins have indicated that different collections of proteins 
[designated groups I-V (Willard et al., 1974; Willard and Hu- 
lebak, 1977); groups IV and V are also designated SCb and SCa, 
respectively (Hoffman and Lasek, 1975)] move down the axons 
at different velocities, ranging from more than 240 mm/d (group 
I) to less than 1 mm/d (group V). The more slowly moving 
proteins (groups III, IV, and V) comprise cytoskeletal proteins 
such as tubulin, neurofilament proteins, actin, and myosin, as 
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well as cytoplasmic enzymes, whereas group II includes mito- 
chondrial proteins (reviewed in Grafstein and Forman, 1980; 
Baitinger et al., 1982). The most rapidly transported proteins 
(group I) are predominantly associated with membranes (e.g., 
Lorenz and Willard, 1978) and may represent the movement 
of organelles along microtubules by a mechanism involving pro- 
teins similar to kinesin (Brady, 1985; Vale et al., 1985). Al- 
though more than 150 of these radiolabeled group I proteins 
have been resolved by two-dimensional gel electrophoresis 
(Wagner et al., 1979), few have been identified. These include 
proteins that resemble synapsin I (De Camilli et al., 1983a,b; 
Huttner et al., 1983; Baitinger and Willard, 1987), the Na + -K + - 
ATPase (Specht and Sweadner, 1984) GAP-43 (Skene and Wil- 
lard, 1981a,b), and the /S-amyloid precursor protein (Koo et al., 
1990). The nature of these identified proteins suggests that the 
characterization of additional group I proteins may identify pro- 
teins that are important for neuronal function. 

Among the group I proteins that can be labeled in this manner 
with 35 S-methionine, one of the most conspicuous in several 
different neuronal systems is Superprotein, so designated to re- 
flect its incorporation of more than 14% of the total rapidly 
transported 35 S-methionine, more than 20 times the average 
incorporation (Willard et al., 1974; Kelly et al., 1980; Willard, 
1983). In contrast to its prominence among 35 S-methionine- 
labeled rapidly transported proteins (Fig. 1), Superprotein has 
not been detected by staining of electrophoretically separated 
proteins with Coomassie blue (Wagner et al., 1979); because of 
its low abundance, its characterization presents a challenging 
problem. 

Here, we first report the kinetics of labeling of Superprotein 
in rabbit retinal ganglion cells and then describe the purification 
of seven of its tryptic peptides from rabbit nervous tissue. The 
sequences of these peptides show that Superprotein is identical 
to SNAP-25, a protein (recently predicted by a cDNA sequence) 
that has been reported to be concentrated in a selected popu- 
lation of synaptic terminals of the CNS (Oyler et al, 1989). 

Materials and Methods 

Labeling of axonally transported Superprotein. 35 S-methionine (New 
England Nuclear; > 1000 Ci/mmol) was injected into the eye (vitreous 
humor) of a restrained New Zealand White rabbit; the eye had been 
anesthetized by topical application of proparacaine hydrochloride (0.05% 
solution; Rugby Laboratory, Rockville Centre, NY). After various in- 
tervals, the animals were killed by a lethal injection of sodium pento- 
barbital into the marginal ear vein, and the optic nerve, optic tract, 
lateral geniculate nucleus, and superior colliculus were removed and 
frozen. A particulate subcellular fraction of the tissue was prepared by 
homogenization in a motor-driven homogenizer (glass on glass for tissue 
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Figure 2. Time course of labeling of 
Superprotein in an axon-containing 
structure (Optic Tract) and synaptic ter- 
minal-containing structure (Superior 
Colliculus). The radioactivity associ- 
ated with Superprotein at the indicated 
times after rabbits' eyes were labeled 
with 35 S-methionine was determined by 
scintillation counting of Superprotein 
excised from gels such as that shown in 
Figure 1 . The time course of labeling of 
proteins that resemble synapsin I, a 
synaptic vesicle-associated protein, de- 
termined by densitometric scanning of 
these same gels [previously reported in 
Baitinger and Willard (1987)] is shown 
for comparison. 
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was applied and the column was washed for 5 min in buffer A at a rate 
of 1 ml/min. The peptides were eluted with a gradient of 0.25%/min 
buffer B (70% acetonitrile, 5 min NA 2 HP0 4) pH 6.9) for 20 min, followed 
by 0.6%/min buffer B for 50 min. The optical density was monitored 
by absorption at 214 nm, and the radioactivity in the 1 ml fractions 
was monitored by scintillation counting of an aliquot. Fractions con- 
taining radioactive peptides were concentrated by evaporation and chro- 
matographed at lower pH (pH = 2) on a second CI 8 column, equili- 
brated with buffer A' (0.1% trifluoroacetic acid). The column was 
developed with a gradient of 0. 1 5%/min buffer B' (0. 1% trifluoroacetic 
acid, 95% acetonitrile) at 1 ml/min beginning at a concentration of 
acetonitrile that was 15% below the concentration at which the peptide 
had been eluted from the first column, and ending after a 30% change 
in acetonitrile concentration. 

Fractions containing radioactivity were immobilized on a glass fiber 
support and subjected to amino acid sequence analysis by automated 
sequential Edman degradation, using an Applied Biosystems (Foster 
City, CA) model 470A protein sequencer and the programs recom- 
mended by the manufacturer. After each cycle of degradation, approx- 
imately 40% of the sample containing the phenylisothiocyanate deriv- 
ative removed from the protein was used to determine whether it 
contained 35 S-methionine by liquid scintillation counting; the remainder 
was used for amino acid analysis. 

Relationship between steady state distribution, transport velocity, and 
half-life of an axonally transported protein. To understand how the 
axonal transport velocity and rate of turnover of a protein might be 
related to its steady state distribution between axons and synaptic ter- 
minals revealed by antibody staining, we considered a protein that is 
transported at velocity v, through an axon of cross-sectional area A, to 
a destination compartment of volume V„ where its turnover can be 
described by the first-order rate constant k. The rate of arrival of protein 
in the destination compartment js vAC„ where C„ is the concentration 
of the protein in the axon. The rate of disappearance of the protein from 
the destination compartment is kC,V„ where C, is the concentration in 
the destination compartment and V, is the volume of this compartment. 
Because the decay of the protein is assumed to be first order, k = (In 
2)/7 , ,/ 2 , where T ll2 is the half-life of the protein in the destination com- 
partment. At steady state, vAC a = (In 2)C,V/T l/2 or, expressed as the 
steady state quotient of the concentration in the destination compart- 
ment and the concentration in the transport compartment, 

Q _ \.4vAT W2 



Results 

Kinetics of labeling of Superprotein in axons and terminals of 
rabbit retinal ganglion cells 

In previous experiments to study the axonal transport of pro- 
teins resembling synapsin I (Baitinger and Willard, 1987), 35 S- 
methionine (0.5 mCi) was injected into the vitreous of adult 
rabbits at various times prior to death (3 hr, 6 hr, 12 hr, 1 d, 



2 d, 4 d, 8 d, and 1 6 d). Proteins from a particulate subcellular 
fraction of the tissues containing the axons (optic nerve and 
optic tract) and synaptic terminals (LGN and superior colliculus) 
of the retinal ganglion cells were extracted and electrophoresed 
on two-dimensional gels that employed nonequilibrium pH gra- 
dient electrophoresis in the first dimension and SDS-PAGE in 
the second dimension. Figure 1 shows an autoradiograph of one 
such gel; additional examples are shown in Baitinger and Willard 
(1987) (see their Figs. 3, 4). To measure the radioactivity as- 
sociated with Superprotein, we excised the appropriate spot 
from these same gels and determined the radioactivity by liquid 
scintillation counting as described in Materials and Methods. 
Figure 2 shows the time course of labeling of Superprotein in 
tissue containing axons (optic tract, Fig. 2A) and synaptic ter- 
minals (superior colliculus, Fig. IB). In both tissues, Superpro- 
tein-associated radioactivity was detected by 3 hr after isotope 
injection, reached maximum levels by 1 2 hr, and declined more 
than 90% by 8 d after labeling. A comparison of the time course 
of labeling of Superprotein with synapsin I— like proteins (pre- 
viously reported; Baitinger and Willard, 1987) shows that both 
proteins arrive in the optic tract by 3 hr after their synthesis; 
on the other hand, the maximum labeling of Superprotein (12 
hr) precedes synapsin I (2-6 d), suggesting that a major portion 
of synapsin I— like protein is transported more slowly than Su- 
perprotein. Most of the label associated with both proteins had 
disappeared from the optic tract by 8 d after synthesis. In the 
superior colliculus, the synapsin I— like protein remained labeled 
much longer than Superprotein, reaching maximum levels at 
1 6 d, a time when the label associated with Superprotein was 
negligible (Fig. 2B). 

Solubility of Superprotein 

Prior to purifying Superprotein, we investigated its extraction 
by several agents as described in Materials and Methods. These 
experiments showed that more than half of the Superprotein 
that could be extracted by 1% SDS was extracted by 1% deoxy- 
cholate, 0.1% or 1% Triton X-100, or 8 m urea; however, ex- 
traction by 1% SDS was most efficient. On the other hand, 0. 1% 
deoxycholate and 4 m urea were ineffective solubilizing agents. 

Purification and sequencing of tryptic peptides from 
Superprotein 

To purify Superprotein, we made use of an unusual sensitivity 
to urea of its mobility on SDS gels, illustrated in Figure 3. Lanes 
5 are autoradiographs of 35 S-methionine-labeled rapidly trans- 
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port ! protein 1 >ej n j*. lb M >S PAGE is the presence (4- urea) 
or a bsence ( urea) of 8 m urea. The mobility of Superprotein 
(SP) is retarded by urea relative to standards (lanes I) and rel- 
ative to stained proteins from rabbit spinal cord {lanes 2 and 
3} or visual system (lanes 4) that were electrophoresed on the 
same gels. 

We first purified 1 S-methiooiae-labeled axonally transported 
Superprotein from the optic nerves, tracts, lateral geniculate 
nuclei, and n olli il i ibbit hose retinas had teen 

labeled with "'^-methionine 4 hr previously. After electropho- 
resis in the absence of urea, proteins were extracted from the 
region of the gel that contained Superprotein, and reelectro- 
phoresed in the presence of urea, as described in Materials and 
Methods. This served to separate Superprotein from other pro- 
teins with which st initially coelectrophoresed. The resulting 
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Figure 4. Purification of Superprotein from radiolabeled visual tissue 
(fanes I and 2) and unlabeled spina! t oot Haws 3-6). The autoradio- 
graphs in lanes I and 2 show that the final product purified from ra- 
diolabeled visual tissue Is rad:oet)C!Tise.ilK pure; it forms a single band 
on analytical SDS poo.e ryl.imide gels in the ptv-senre ( r) or absence 
{—) of 8 M urea. l^nes 4 and 6 are Coomassie blue-stained geis shossing 
thai the electrophoretic mobility of the presumptive Superprotein-eon- 
taining material purified from spina! cord (large arrowhead) exhibits 
the characteristic sensitivity l0 the piesence ( -t ! ot absence ( ) of 8 m 
urea compared to the Coomassie blue-stained standards shown in lanes 
3 and 5. The standards (Bio-Rad, not prestained) have apparent mo- 
lecular masses of 97, 66. 45, 21 (soybean trypsin inhibitor, small ar- 
rowheads), and 1 6 kf>a from top to bottom. 



ammo-terminal amino acid sequence of this material were un- 
successful, suggesting that, tbe amino terminus was blocked. 

After it was separated from SDS by means of acetone precip- 
itation, the mixture of unlabeled protein from spinal cord and 
radiolabeled, axonaliy transported Superprotein purified from 
visual system was resuspended and digested with trypsin. The 
resulting tryptic peptides were separated by reversed-phase 
chromatography on a CI 8 matrix at pH 6.9. Figure 5 (upper 
halt) shows that more than 1 2 peaks of radioactivity were sep- 
arated; the amount of materia! associated with these radioactive 
peaks svas insufficient to generate distinct optical density peaks 
(Fig. 5, lower half). Initial attempts to determine the amino acid 
sequence of the material in these fractions indicated that some 
contained multiple peptides. We therefore rechromatographed 
each of the 12 fractions numbered in Figure 5 in a medium of 
lower pH(^2). Figure 6 illustrates that this procedure effectively 
separated multiple peptides contained in certain fractions {e.g., 
peak 3), The material in fractions containing radioactivity was. 
subjected to ammo-terminal sequence analysis by automated 
sequential Edman degradation. A single sequence was generated 
by the material in each of seven fractions (Table 1). In one case 
(peak 3B), no phenylthiohydantom derivatives of amino acids 
were detected, and approximately 80% of the initial radioactiv- 
ity remained associated with the glass fiber support after five 
sequencing cycles, it is therefore likely that this peak contains 
a peptide from the blocked N-tertninus of the protein. In the 
case of peaks ! and 3, the sequences were identical. Most likely, 
the methionine in peak 1 was oxidized, forming methionine 
sulfoxide and altering its mobility on the reversed-phase col- 
umn. 

All of the sequences met three criteria for derivation from 
Superprotein. First, each contains a methionine residue, as does 
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Figure 5. Elution of tryptic peptides 
of the Superprotein preparation from 
the first (pH 6.9) HPLC CI 8 reversed- 
phase column. The upper half shows the 
elution of 35 S-containing material (peaks 
1-12), determined by scintillation 
counting. The lower half shows the ul- 
traviolet light absorption monitored at 
214 nm. 



>» 300 



E 
c 



0 

0.10 





< 



0 60 70 80 90 100 110 

Fraction Number 



the Superprotein peptide in the same fraction (because 35 S-me- 
thionine from Superprotein that had been axonally transported 
in vivo was the source of the radioactivity in the fraction). A 
second, more stringent criterion is that 35 S-radioactivity derived 
from the marker Superpeptide, and the methionine detected by 
sequence analysis, should be located at the same position rel- 
ative to the amino terminus. To test this, a portion of the ma- 



terial released after each cycle of Edman degradation was as- 
sayed for 35 S-radioactivity. Figure 7 shows that the major release 
of radioactivity and methionine coincided in each peptide. Third, 
the specific activity of the methionine, estimated from the re- 
leased radioactivity and the absorbance of the phenylthiohy- 
dantoin derivative of methionine, was similar for all of the 
peptides, as would be expected if they were all derived from the 



Table 1. Tryptic peptides of Superprotein 
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* Percentage of radioactivity applied to the column. 
c X indicates an unidentified amino acid. 
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Figure 6. Elution of presumptive Su- 
perprotein tryptic peptides from the 
second (pH =» 2) CI 8 reversed-phase 
column. The fraction from the first col- 
umn (Fig. 5) containing peak 3 was re- 
chromatographed at lower pH, reveal- 
ing that this material contained two 
radioactive peptides, 3 A and 3B (upper 
half). The lower half of the figure illus- 
trates that these peaks contained little 
ultraviolet light-absorbing material 
(monitored at 214 nm). Each of the 
fractions in Figure 5 that contained 
numbered peaks of radioactivity was 
rechromatographed in this manner. 



same protein (Table 1). These observations show that the se- 
quence represents methionine-containing peptides of Superpro- 
tein. 

To determine whether the sequence of Superprotein is novel 
or corresponds to a previously described sequence, the EMBL 
data base was searched for similar sequences. This revealed that 
the exact sequences of all of these Superprotein peptides are 
contained in the sequence of a protein designated SNAP-25, 
recently deduced from the sequence of a rat cDNA. No other 
sequences in the data base matched the Superprotein sequences. 
The location of these peptides (which comprise 25% of the se- 
quence of SNAP-25) within the sequence of rat SNAP-25 is 
illustrated in Figure 8. 

Discussion 

The experiments reported here show that Superprotein is iden- 
tical to the protein SNAP-25. We first utilized the rapid trans- 
port process to separate labeled Superprotein from other labeled 
retinal proteins, and further separated Superprotein from other 
group I rapidly transported proteins by SDS-PAGE, exploiting 
a differential shift in its electrophoretic mobility caused by urea. 
Using this radiochemically pure Superprotein as a marker, we 
purified unlabeled Superprotein from spinal cord tissue by these 
same procedures. Radioactive tryptic peptides isolated from this 
material by two cycles of reversed-phase chromatography pro- 
duced single amino acid sequences. Although the sequences most 
likely reflected the more abundant material from spinal cord, 
their derivation from Superprotein was confirmed by the co- 
incidence of release of radioactivity from the labeled marker 
Superpeptide with the release of methionine. The sequences of 



these peptides exactly matched the sequence of SNAP-25 and 
comprise 25% of its amino acids. This general strategy may 
prove useful in the identification of additional axonally trans- 
ported proteins. 

The identity of Superprotein and SNAP-25 serves to unite 
the previously determined characteristics of each. Superprotein 
was first described as a major 35 S-methionine-labeled rapidly 
axonally transported protein in rabbits (Willard et al., 1974; 
designated protein 20); Superprotein candidates can be identi- 
fied in many publications (Table 2) by virtue of their prodigious 
incorporation of 35 S-methionine and their distinctive electro- 
phoretic mobilities. SNAP-25 was initially described as a cDNA 
that preferentially hybridized with RNA from brain (compared 
to liver); this RNA was fourfold more abundant in the CA3 
region than in the CA1 region of the hippocampus (Branks and 
Wilson, 1986; Oyler et al., 1989). The predicted sequence of 
SNAP-25 contains 1 3 methionine residues (6%) and two proline 
residues (1%), which may account for the efficient labeling of 
Superprotein with 35 S-methionine relative to other transported 
proteins and relative to its labeling with proline (Estridge and 
Bunge, 1978; Willard, 1983, his Fig. 3). Subcellular fractionation 
experiments have indicated that both Superprotein (Lorenz and 
Willard, 1978) and SNAP-25 (Oyler et al., 1989) are intimately 
associated with material resembling the plasma membrane. The 
absence in the sequence of SNAP-25 of a hydrophobic region 
of sufficient length to span the plasma membrane has suggested 
that its association with the plasma membrane may be mediated 
by other mechanisms, such as an amphipathic helix at the ami- 
no-terminal end, or associated fatty acids (Oyler et al., 1989). 
Although the sequence of SNAP-25 contains several potential 
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sites for phosphorylation and glycosylation (Oyler et al., 1989), 
incorporation of 32 P0 4 into Superprotein has not been observed 
in cultured superior cervical ganglion cells (evident in Meiri et 
al., 1988), nor has the incorporation of radiolabeled fucose into 
Superprotein been detected, suggesting that it is not a fucosy- 
lated glycoprotein (Tytell et al., 1 980; also evident in Skene and 
Willard, 1981c). A previous analysis of the 35 S-methionine- 
labeled peptides of a Superprotein candidate by thin-layer chro- 
matography suggested a resemblance to calmodulin (Tashiro et 



al., 1980). However, the sequence of calmodulin and SNAP-25 
appears dissimilar, suggesting either that this Superprotein can- 
didate was in fact a different protein or that the comigration of 
its peptides with calmodulin was fortuitous. During develop- 
ment, the rate of synthesis of Superprotein is reported to increase 
50-100-fold in retinal ganglion cells between the second post- 
natal day and adulthood in rats (Snipes et al. 1987; designated 
29K) and similarly in hamsters (Moya et al., 1987; designated 
27K). These developmental studies suggest that its function may 
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Figure 8. Location of the sequenced 
Superprotein tryptic peptides within the 
sequence of SNAP-25 (Oyler et al, 
1 989). Tryptic peptide sequences, shown 
in boldface, are designated according to 
the numbered peaks in Figure 5. 
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Table 2. Superprotein candidates 



Neuron 


Species 






Retinal ganglion cells 


Rabbit 


ID, 2D, M, U 


Willard et al., 1974 (20) 
Wagner et al., 1979 
Kelly et al., 1980 (A) 
Lorenz and Willard, 1978 (20) 
Willard, 1983 




Guinea pig 


ID, 2D 


Levine and Willard, 1980 
Tytelletal., 1981 (23K) 




Rat 


ID, 2D 


Freeman et al., 1986 (29K) 
Snipes et al., 1987 
Dosteretal., 1991 




Hamster 


2D 


Moyaetal., 1987 




Toad 


1D,2D,U 


Skene and Willard, 1981a 




Goldfish 


ID, 2D 


Freeman et al., 1986 (29K) 
Benowitz and Lewis, 1983 


Geniculocortical neurons 


Rat 


ID 


Padilla et al., 1979 


Spiral ganglion neurons 


Rat 


1D,2D,U 


Tytelletal, 1980 


Nigrostriatal neurons 


Rat 


ID 


Padilla et al., 1979 


Vagus nerve 


Rabbit 


ID, 2D, U 


Skene and Willard, 1981b 




Guinea pig 


ID, 2D 


Tashiro et al., 1980 


Hypoglossal nerve 


Rabbit 


ID, 2D,U 


Skene and Willard, 1981b 


Ventral horn motor neurons 


Rat 


ID 


Bisby, 1981 (SI) 

Oka and Brimijoin, 1990 


Dorsal root ganglion cells 


Rat 


2D 


Perry and Wilson, 1983 (CI) 
Nealeet et al., 1980 




Frog 


2D 


Hammerschlag et al., 1982 

Stone et al., 1978 

Perry et al., 1983 (CI) 

Perry et al., 1987 (CI) 

Stone etal, 1984 

Perry and Wilson, 1983 (CI) 

Stone and Wilson, 1978 (CI) 


Superior cervical ganglion 


Rat 


1D,M 


Estridge and Bunge, 1978 (E3) 



° All Superprotein candidates were intensely labeled with "S-methionine and underwent rapid axonal transport. In addition, the following characteristics were shared 
with Superprotein as indicated: ID, electrophoretic mobility on one-dimensional SDS polyacrylamide gels; 2D, electrophoretic mobility on two-dimensional gels; M, 
specific labeling with methionines versus proline (or leucine); U, sensitivity of electrophoretic mobility to 8 m urea. 
* The designation of Superprotein in other publications is indicated in parentheses. 



be most relevant to mature neurons, consistent with the sugges- 
tion that SNAP-25 may perform a role in synaptic transmission 
(Oyler et al., 1989). The biosynthetic labeling of Superprotein 
with 35 S-methionine has been reported to be relatively unre- 
sponsive to axon injury in rabbit (Skene and Willard, 1981b), 
rat (Freeman et al., 1986), or toad (Skene and Willard, 1981a) 
retinal ganglion cells, frog dorsal root ganglion cells (Perry et 
al., 1983, 1987), and rat corticospinal neurons injured in the 
medulla at the level of the pyramids (Reh et al., 1987). 

In situ hybridization studies of the distribution of SNAP-25 
RNA have indicated that it is relatively enriched in neurons of 
the neocortex, hippocampus, piriform cortex, anterior thalamic 
nuclei, and pontine nuclei, and in granule cells of the cerebellum 
(Oyler et al., 1989). The basal ganglia and hypothalamus (with 
the exception of the arcuate nucleus) had low levels of SNAP- 
25 RNA. Antibodies against SNAP-25 are reported to label 
preferentially the synaptic terminals of a subpopulation of CNS 
neurons; these include the CA3 mossy fiber terminal field of the 
hippocampus, and the molecular layer of the dentate gyrus. 
Studies of Superprotein suggest that this protein is, in addition, 
an important component of the rapidly axonally transported 



proteins in retinal ganglion cells and geniculocortical, auditory, 
superior cervical ganglion, hypoglossal, vagus, and spinal motor 
neurons (Table 2). Differences in the labeling of Superprotein 
relative to other rapidly transported proteins in these neurons 
(e.g., low labeling in the hypoglossal nerve, evident in Skene 
and Willard, 1981b) suggest that it may be differentially ex- 
pressed in these systems. 

Both electron microscopy of antibody-labeled tissue and sub- 
cellular fractionation experiments have indicated that SNAP- 
25 is concentrated specifically in presynaptic membranes, sug- 
gesting that SNAP-25 performs a synaptic function (Oyler et 
al., 1989). In view of this evidence for a synapse-specific steady 
state distribution of SNAP-25, it is interesting that the spatial- 
temporal pattern of labeling of Superprotein with "S-methio- 
nine in the visual system differs from that of proteins resembling 
synapsin I, another protein that is concentrated in synaptic ter- 
minals (De Camilli et al., 1983a,b; Navone et al., 1984) and is 
considered to play an important role in synaptic vesicle function 
(Huttner et al., 1983; Krebs et al., 1986). Although both labeled 
proteins had disappeared from the axons of the optic tract by 
8 d after they were synthesized, labeled synapsin I— like proteins 
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persisted in the superior colliculus (which contains axon ter- 
minals) for much longer than Superprotein (Fig. 2). A partial 
explanation for this difference is that a major fraction of the 
labeled synapsin I moves more slowly than Superprotein (Bai- 
tinger and Willard, 1987) and arrives in the superior colliculus 
later than Superprotein. Another factor that could potentially 
be related to this difference is the size of the terminal com- 
partment that is occupied by each protein. Under certain con- 
ditions (see Materials and Methods) two terminal-specific trans- 
ported proteins might have the same steady state distribution 
between terminals and axons if the protein (e.g., Superprotein) 
that occupied the smaller compartment (e.g., the surface of the 
presynaptic membrane) had a shorter half-life than the protein 
(e.g., synapsin I) that occupied the larger compartment (e.g., the 
surface of vesicles filling a portion of the synaptic terminal). 
This relationship is derived in Materials and Methods. It may 
also be relevant to the synapse-specific distribution of SNAP- 
25 that a Superprotein candidate designated SI has been ob- 
served among the labeled rapidly transported proteins that are 
returned to the cell body by retrograde transport in rat motor 
neurons (Bisby, 1981). It is reported that the label associated 
with this protein is specifically depleted relative to the other 
retrogradely moving proteins (Bisby, 198 1), consistent with the 
possibility that it is specifically retained at the axon terminal. 
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